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Targeting the Dysregulation of Pancreatic AMPK-INOS-p53
Axis by Metformin in a Rat Model of L-arginine-Induced
Acute Pancreatitis
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SUMMARY: A severe form of the inflammatory disease, acute pancreatitis, can induce multiple organ failure, leading to a high
mortality rate. Little is known about the negative interaction between AMP-activated protein kinase (AMPK) and the nitoessgive
biomarker inducible nitric oxide synthase (iNOS), as well as the apoptosis biomarker tumour suppressor p53 in patholiigioal cond
Therefore, we tested the hypothesis that acute pancreatitis can cause the pancreatic AMPK-INOS-p53 axis to become dysdegulated,
the inducer of AMPK, the hypoglycemic, anti-inflammatory, and antioxidant drug metformin, can ameliorate the diseastudy, this s
acute pancreatitis was induced in rats using two injections of L-arginine (2.5 gm/kg) and culled after two days. The sgcond gro
(protective group) was pretreated for two weeks with 50 mg/kg metformin prior to the induction of acute pancreatitis and kept o
metformin until sacrificed with other groups. Pancreatic injuries developed in the model group (L-arginine) demonstratetantials
increase in iINOS and p53 immunostaining, as well as biomarkers of pancreatic injury, and AMPK inhibition. All these imvestigate
signaling molecules were significantly (p<0.001) modulated by metformin. In addition, a significant correlation was ddateeted be
iINOS and AMPK, p53, as well as biomarkers of acute pancreatitis (amylase, lactate dehydrogenase, and myeloperoxidasss. Thus, th
findings demonstrate an association between acute pancreatitis and the modulation of the pancreatic AMPK-INOS-p53 arig while be
protected by metformin.
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INTRODUCTION

The severe form of acute pancreatitis (AP) represents ~ Animal models of experimental AP are useful for
a significant problem or task to the healthcare system duecarefully understanding the physiopathology / disordered
a very high mortality rate, which can reach around 45 @hysiological processes of the disease and testing possible
when systemic inflammation and multiple organ failurelrugs for therapeutic purposes (Kei al, 2015). For
develop. This contrasts with a low mortality rate of aroundxample, intraperitoneal injections of 2.5 - 4 g/kg of the
2 % in mild acute pancreatitis (Popaial, 2016). In the amino acid L-arginine induced AP in rodents like mice and
USA, AP is the leading cause of hospital admissions foats (Czakét al, 2000; Kuiet al, 2015). L-arginine induces
patients with gastrointestinal disorders, with an estimatéP by two mechanisms: (i) the conversion of L-arginine to
annual cost exceeding $2.6 billion (Andersbral, 2023). nitric oxide by the NOS enzyme and subsequently to
Many factors can cause the pathogenesis of AP, suchpesoxynitrite (a highly cytotoxic compound) when reacting
common bile duct blockage, heavy alcohol consumptiomith oxygen radicals, which cause tissue damage via
blunt trauma to the upper abdomen, adverse drug reactionigrosative stress pathway (Venardssal, 2009); and (ii)
infection, and sepsis (Warg al, 2009). the hydrolysis of L-arginine by arginase to L-ornithine and
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urea. A severe type of the disease (AP) is reported to perchased from EagleBio, NH, USA. All kits were used

induced by L-ornithine in rats (Biczét al.,, 2010). according to the instructions of the manufactures.

Additionally, other compounds such as cerulean, the

equivalent of cholecystokinin hormone (Kim, 2008), andMPK western blotting analysis.25ug of extracted protein

ethanol (Pandddt al, 2003) have been successfully used ifpancreas tissues) per sample were immunoblotted as

animal models of AP. These compounds act via impairmementioned before (Alshahraet al., 2024). Briefly, The

of the production and secretion of the digestive enzymmembranes were incubated at ¥ overnight with anti-

vacuolization of cytoplasm and necrosis of acinar cellsMPK-phospho-Thrl72 purchased from Cell Signaling

inflammatory pancreatitis, and formation of edema. Technology, Beverly, MA, USA. Protein bands were visualized

using ECL detection kit (Amersham-Pharmacia, UK). Image

Metformin is a well-known pleotropic drug thatanalysis software was used to obtain the intensity of the

induces the production of AMPK (Hawleyal, 2002), and assessed protein after normalization by b-actin on the Chemi

AMPK activation inhibits iINOS in several cell types, likeDoc MP imager.

adipocytes, macrophages, and myocytes (Ril@h, 2004).

Additionally, nitrosative stress (iNOS) is located upstreaimmunohistochemistry of INOS, p53, and CD45Pancreatic

of apoptosis (p53) (Sandat al, 1997). Furthermore, tissue sections prepared from the paraffin blocks were

metformin is reported to ameliorate the advancement fcubated with the primary antibodies; anti-iNOS, anti-p53,

pancreatic cancer (lgt al, 2017), metabolic dysfunction- and anti-CD45 obtained from Abcam, Cambridge, UK for 15

associated fatty liver disease (Matafaghel, 2011), hepatic h in a humidity chamber following the retrieval of antigen.

injuries induced by thioacetamide (Al-Hashebhal, 2019), Then, washed tissue sections were incubated with the

and apoptosis caused by stress in primary rat hepatocysesondary antibody for 30 min at RT. Sections were co-stained

(Conde De La Rosat al, 2015). Therefore, we guessedwith Meyer hematoxylin.

that modulation of the AMPK-iINOS-p53 axis in pancreatic

tissue of rats with acute pancreatitis could be suppress&tistical analysis.The analyses of generated data were

with metformin. performed using version 10 of the SPSS. One-way ANOVA
then Tukey’'spost hoctest was used to reach statistical
MATERIAL AND METHOD comparisons of data. Pearson correlation was completed to

find a probable significance between two different parameters.
Animals. The ethical committee at King Khalid University p < 0.05 was established to be statistically significant.
approved all experimental procedures in accordance with the
Guide for the Care and Use of Laboratory Animals publisheRESULTS
by NIH publication No.85-23, revised 1996. Wistar male rats
(150-200 g) were held in a clean place at room temperatukeRat model of acute pancreatitis induces by L-arginine
(RT) and with a 12h light: 12 h dark cycle, and had ready.-arg). Acute pancreatitis (AP) was observed in rats 48 hours
access to food and water. post-injection of L-arg, demonstrated by a substantial increase
in the inflammatory biomarker TN&-(Fig. 1A), infiltration
Experimental design.Following the adaptation period, 24 of inflammatory cells into the pancreas measured by CD45
rats were assigned into 3 groups as follows: (i) control ratdeukocyte common antigen) expression (Figs. 1C and 1D),
received intraperitoneal injection of vehicle ; (ii) rats that werand an increase in the biomarker of pancreatitis, serum amylase
injected intraperitoneally after two weeks with L-arginine (2.%Fig. 1B). This enabled us to investigate the dysregulation of
mg/kg, 2 doses) at 1-hour intervals (L-arg group, the modtkle pancreatic AMPK-INOS-p53 axis.
group) (Czakéet al, 2000); and (iii) the third group of rats
(Met +L-arg) treated with 50 mg/kg metformin for the first 1dMetformin protects the pancreatic AMPK-iINOS-p53 axis
days and injected with L-arginine on day 15. The ratsmodulated by L-arginine (L-arg). In cell signaling, the
continoued receiving metformin for another two days. At dafNOS-p53 axis is located downstream of AMPK (Piédral.,
17, samples of blood were withdrawn under anesthesia, a2@04), and pancreatic tissue levels of AMPK decrease in an
rats were then culled using cervical dislocation and pancreaitiflamed pancreas (Yangt al, 2020). We investigated the
tissues were harvested. pancreatic AMPK-INOS-p53 axis in acute pancreatitis with
and without metformin. Injecting rats with two doses of L-arg
Assessment of blood levels of amylase, LDH, MPO, and caused a sharp increase in iNOS (Fig. 2) and p53 (Fig. 3)
TNF-a. Kits purchased from Abcam, Cambridge, UK wergrotein expression after 48 h, associated with the inhibition of
used to assess serum levels of amylase, lactate dehydrogettasg@hosphorylated AMPK (Fig. 2A). Immunohistochemical
(LDH), and TNFe. Whereas, MPO was assessed by kitstaining of pancreatic tissue sections obtained from the
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Fig. 1. L-arginine (L-arg) causes in
rats AP. Blood levels of TNE- (A)
and amylase (B) were determined in
the control and model (L-arg) rats’
groups two days post injecting the
model group with L-arg. All p values
are significant. *p<0.0001 versus con-
trol. (C and D) Immunohistochemistry
of CD45 (X200) of pancreas sections
from the control (C) and L-arg (D)
groups are shown. AP: acute
pancreatitis; TNF&: tumor necrosis
factor-alpha; CD45: leukocyte
common antigen.

e
o3

=
o
i

I
o
1

AMPK
(Relative expression)

o4
o
I

N

-3

I
I

(relative expression)
a
o

A< - e P
X > b . ] NP Eﬁ F ¥
Fig. 2. Induction of the pancreatic AMPK-iINOS axis dysregulation by L-arginine (L-arg) is protected by metformin (Met)oLtheels
active form of AMPK (p-AMPK) in all rats were assessed by Western blotting and the relative expression is displayed in (A).
Immunohistochemistry of INOS in pancreas sections (B, C, D, x200; E, x100) from the control (B), L-arg (C), and Met+L-@ig) (D an
groups of rats are shown. Quantification of INOS immunostaining area % from these groups is displayed (F). Arrows pumsitieehe
iINOS-immunostained cells. All p values are significankG0245 versus control, **p<0.000krsusL-arg. AMPK: AMP-activated
protein kinase; iINOS: inducible nitric oxide synthase.
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untreated L-arg group displayed a significant widespread bfduction of biomarkers of acute pancreatitis by L-
strong positive INOS immunostaining in the parenchyma @frginine (L-arg) is inhibited by metformin. We further

the pancreas and in the blood vessel wall (Figs. 2C and 28sessed serum levels of biomarkers of pancreatic injuries
compared to control rats that displayed negative to weékable 1) in these rats. These biomarkers are well-known
positive immunostaining (Fig. 2B). Metformin treatmentsndicators of the disease (Matwdt al, 2006). The results
(Figs. 2A and 2D-F) significantly (p<0.001) but not completelshowed about a two-fold increase in amylase, LDH, MPO,
prevented the effects of L-arg on the pancreas as demonstraed TNFea levels, which were significantly (p<0.001) but
by a scattered mild positive INOS immunostaining. partially inhibited by metformin treatment.

P53 positive immunostaining was also observed i@orrelation between iINOS score and pancreatic p53,
tissue sections prepared from the model group demonstrafddPK, and biomarkers of acute pancreatitis.The link
by numerous immunostained-cells in the parenchyma of thetween the score of nitrosative stress (iNOS) and
pancreas and a strong P53 nuclear immune-reaction (Figancreatic apoptosis (p53), AMPK, and biomarkers of acute
3B and 3E). Metformin treatments before and after L-angancreatitis caused by L-arg is displayed in Figures 4A-F.
injections (Figs. 3C-E) significantly (p<0.001) reduced p523 significant (p<0.0001) correlation was detected between
tissue expression demonstrated by mild to moderate pBBOS and AMPK (r =- 0.928), p53 (r = 0.970), amylase
immune reaction but still significant (p<0.001) to contro(r = 0.851), LDH (r = 0.887), MPO (r = 0.872), and TNF-
group (Figs. 3A and 3E). a (r=0.898).
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Fig. 3. Induction of the pancreat'ic P53 by L-argininé (L-arg) is protected by metformin (Met). Immunohistochemistry oapbeasp
sections (A,B,C, x200; D, x100) from the control (A), L-arg (B), and Met+L-arg (C and D) groups of rats are shown. Quantificati
p53 immunostaining area % from these groups is displayed (E). Arrows point to the positive p53-immunostained cells. abugvalue

significant. *p<0.0001 versus control, **p<0.000drsusL-arg. p53: tumour suppressor p53.

Table I. Effects of metformin on L-arg-induced biomarkers of pancreatic injury.
Blood levels of amylase, MPO, LDH, and TNiFwere assessed in all rats 48
hours post L-arg injections.

Control L-arg Met+L-arg
Amylase (U/L) 291.1+42.1 580.9+148.1* 429.7+17.2*#
MPO (U/mL) 0.79+0.16 2.20+0.39* 1.33+£0.40*#
LDH (U/L) 121.2+8.4 279.7+40.9* 172.4+38.1*#
TNF-a (pg/mL) 31.1#4.5 95.2+9 .50* 51.4+16.5*#

L-arg: L-arginine; Met: metformin; MPO: myloperoxidase; LDH: lactate dehydrogenase;
TNF-a: tumor necrosis factor-alpha. Presented p values are all significant (p<0.05). *:
versus control, #ersusL-arg.
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Fig. 4. Pancreatic iINOS score correlates with AMPK, apoptosis, and biomarkers of pancreatic injury. A significant (p<tkG0&4) i

noted between iINOS versus AMPK (A), p53 (B), amylase (C), LDH (D), MPO (E), and TNF-a (F). iNOS: inducible nitric oxide
synthase; AMPK: AMP-activated protein kinase; p53: tumour suppressor p53; LDH: lactate dehydrogenase; MPO: myeloperoxidase;
TNF-a: tumor necrosis factor-alpha.

DISCUSSION

These studies investigated the pancreatic AMPkeffects of the pleiotropic drug metformin. Therefore, our
iINOS-p53 axis in an animal model of acute pancreatitis (APgsults were undeviating from our working hypothesis that
48 hours post L-arginine (L-arg) injections with and withouthe induction of acute pancreatitis is associated with AMPK-
the hypoglycemic, antioxidant, and anti-inflammatory drugiNOS-p53 axis dysregulation, which can be mitigated by
metformin. We also examined the potential associatianetformin.
between these parameters and biomarkers of AP. Using
immunohistochemistry, special histology staining methods, Autodigestion of the pancreatic tissue due to
western blots, and blood chemistry, we demonstrated thetivation of digestive enzymes, such as trypsin in the
dysregulation of the AMPK-INOS-p53 axis triggered by Lpancreatic duct, leads to the inflammation of the pancreas
arg, which appeared to be protected by metformin (Fig. §Ceppaet al, 2011). It has been described that acute
Furthermore, a significant link between nitrosative stregsmncreatic injury causes a substantial increase in the levels
(iNOS) and the above-mentioned parameters, as well as APinflammatory cytokines, such as TNFK-and tissue
biomarkers, was established, highlighting the protectiveecrosis biomarkers like amylase and LDH, linking these

AMPK | | AMPK 1
iNOS/p53 T iNOS/p53 ‘L Fig. 5. Proposed animal model for AP induced by L-
arginine (L-arg) and protected by metformin (Met).
Apoptosis Apoptosis AP: acute pancreatitis; AMPK: AMP-activated protein
pop T ¥ & Do wl! kinase; iINOS: inducible nitric oxide synthase; p53:
Acute T : - ' & ¥ Acute tumour suppressor p53.
Pancreatitisl . e (. Baai . . Pancreatiti
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parameters to the pathology of the disease éUall, 1991; lesion pancreaticay la inhibicion de AMPK. Todas estas moléculas
Wang et al,, 2017). Additionally, the antioxidants N- de sefializacion investigadas fueron moduladas significativamente
acetylcysteine and resveratrol inhibited ThFroduction (p<0,001) por la metformina. Ademas, se detecto una correlacion

in AP caused by bile-pancreatic duct obstruction (de &iosSignificativa entre iNOS y AMPK, p53, asi como biomarcadores
al., 2006) and necrotizing pancreatitis induced by L-ar%e pancreatitis aguda (amilasa, lactato deshidrogenasa y
- ieloperoxidasa). Por lo tanto, estos hallazgos demuestran una

(Wang ?t al, 2017), respe_ctlvely. The level of thg tlss_ueésociacién entre la pancreatitis aguda y la modulacion del eje
protective enzyme AMPK is severely decreased in patieffgncreatico AMPK-iINOS-p53 mientras esta protegido por
with pancreatic cancer and AP (Chetral, 2017; Yang®et  metformina.

al., 2020). Furthermore, (i) INOS and mutated p53

expression were increased in a mouse model of pancreatic = PALABRAS CLAVE: Pancreatitis aguda; iNOS; p53;
cancer (Chattopadhyagt al, 2020); (ii) chronic ulcerative AMPK; Metformina, Modelo de rata.

colitis is associated with the augmentation of T&WFNOS,
and p53 (Goretskgt al, 2012); (iii) transfection of human
and rat vascular smooth muscle cells with iINOS cDN

induced apc?pt03|s_ (mcreased p5.3 gen.e expressmn) (lwasmnﬁashem, F.; Al-Humayed, S.; Amin, S. N.; Kamar, S. S.; Mansy, S. S;
etal, 1998); and (iv) a systematic review and meta-analysis Hassan, S.; Abdel-Salam, L. O.; Ellatif, M. A.; Alfaifi, M.; Haidara, M.
suggested that metformin is the best antidiabetic drug to A.; et al Metformin inhibits mTOR-HIF-1a axis and profibrogenic
prevent pancreatic cancer in type 2 diabetes mellitus patientsand inflammatory biomarkers in thioacetamide-induced hepatic tissue

ST alterationsJ. Cell. Physiol., 234(69328-37, 2019.
(Wanget al".2014)' These reports gorroborate O.LII’ fI!‘]dIm‘:lglshahrani, M. Y.; Ebrahim, H. A.; Almasabi, F.; Suliman, M.; A-Elgadir,
of pancreatic AMPK-INOS-p53 axis dysregulation in AP, "\ g Abd Ellatif, M.; Alzamil; Al Amri, . S. & Al-Ani, B. Effective

while also showing it can be protected by metformin. inhibition of TNF-a/mTOR axis-mediated liver inflammation and
fibrosis induced by TAA using a combination of metformin and

; resveratrol in association with the inhibition of the profibrotic gene
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informacién de la interacciéon negativa entre la proteina quinas@en, K.; Qian, W.; Li, J.; Jiang, Z.; Cheng, L.; Yan, B.; Cao, J.; Sun, L.;
activada por AMP (AMPK) y el biomarcador de estrés nitrosativo Zhou, C.; Lei, M.gt al Loss of AMPK activation promotes the invasion
o6xido nitrico sintasa inducible (iNOS), asi como el biomarcador and metastasis of pancreatic cancer through an HSF1-dependent
de apoptosis supresor de tumores p53 en condiciones patolégicasPathwayMol. Oncol., 11(10)1475-92, 2017.
Por lo tanto, probamos la hipétesis de que la pancreatitis agif'de De La Rosa, L.; Vrenken, T. E.; Buist-Homan, M.; Faber, K. N. &
puede causar que el eje pancreatico AMPK-INOS-p53 se desregule,93129¢: H. Metformin protects primary rat hepatocytes against
. < . . 'oxidative stress-induced apoptosizharmacol. Res. Perspect.,

y el inductor de AMPK, el farmaco hipoglucemiante, 3(2):€00125, 2015.
antiinflamatorio y antioxidante metformina puede mejorar lgzaks, L.; Takacs, T.; Varga, I. S.; Hai, D. Q.; Tiszlavicz, L.; Hegyi, P.;
enfermedad. En este estudio, se indujo pancreatitis aguda en ratagmandi, Y.; Matkovics, B. & Lonovics, J. The pathogenesis of L-arginine-
usando dos inyecciones de L-arginina (2,5 g/kg); las ratas fueroninduced acute necrotizing pancreatitis: inflammatory mediators and
sacrificadas después de dos dias. El segundo grupo (grupo protectorgndogenous cholecystokinih. Physiol. Paris, 94(133-50, 2000.
fue tratado previamente durante dos semanas con 50 mg/kgd@idios, I.; Ramudo, L.; Garcia-Montero, A. C. & Manso, M. A. Redox-
metformina antes de la induccién de pancreatitis aguda y se sensitive modulation pf CD45 expression in pancreatic acinar cells
mantuvo con metformina hasta que se sacrificaron con otros gru s.durlng a(_:Ut.e.p."’mcreét't'iq' PathOI'.’ 210(2?'34'9' 2906' .

. o p(%Joretsky, T.; Dirisina, R.; Sinh, P.; Mittal, N.; Managlia, E.; Williams, D.
Las_ Igsmnes pancreéticas desarrolladas en el grupo modelo L'B.; Posca, D.; Ryu, H.; Katzman, R. B. & Barrett, T. A. p53 mediates
arginina) se demostraron por un aumento sustancial en la TNF.induced epithelial cell apoptosis in IBBm. J. Pathol.,
inmunotincién de INOS y p53, asi como en los biomarcadores de 181(4)1306-15, 2012.

1684

BEFERENCES




ALZAMIL, N.M. & AL-HASHEM, F.  Targeting the dysregulation of pancreatic AMPK-iNOS-p53 axis by metformin in a rat model of L-arginine-induced acutetisancreati
Int. J. Morphol., 42(81L.679-1685, 2024.

Hawley, S. A.; Gadalla, A. E.; Olsen, G. S. & Hardie, D. G. The antidiabetiCorresponding author:
drug metformin activates the AMP-activated protein kinase cascaf®ofessor Fahaid Al-Hashem
\éila(ge;g;zlgesni;(()eogucleotide-independent mechaniBrabetes, Department of Physiology

Iwashina, M.; Shichiri, M.; Marumo, F. & Hirata, Y. Transfection of Cpllege of Med.lcme.
inducible nitric oxide synthase gene causes apoptosis in vascular stS{Hg Khalid University
muscle cellsCirculation, 98(12)1212-8, 1998. Abha 61421

Kim, H. Cerulein pancreatitis: oxidative stress, inflammation, and apoptosﬁAUD| ARABIA
Gut Liver, 2(2)74-80, 2008.

Kui, B.; Balla, Z.; Vasas, B.; Végh, E. T.; Pallagi, P.; Kormanyos, E. SE-mail: fahaid999@yahoo.com
Venglovecz, V.; Ivanyi, B.; Takacs, T.; Hegyi, Et;al New insights
into the methodology of L-arginine-induced acute pancredgtisS
One, 10(2)0117588, 2015.

Li, X.; Li, T,; Liu, Z.; Gou, S. & Wang, C. The effect of metformin on
survival of patients with pancreatic cancer: a meta-analysisRep.,

7(1):5825, 2017.

Matafome, P.; Louro, T.; Rodrigues, L.; Criséstomo, J.; Nunes, E.; Amaral,
C.; Monteiro, P.; Cipriano, A. & Seica, R. Metformin and atorvastatin
combination further protect the liver in type 2 diabetes with
hyperlipidaemiaDiabetes Metab. Res. Rev., 27862, 2011.

Matull, W. R.; Pereira, S. P. & O'donohue, J. W. Biochemical markers of
acute pancreatitis. Clin. Pathol., 59(4840-4, 2006.

Pandol, S. J.; Gukovsky, I.; Satoh, A.; Lugea, A. & Gukovskaya, A. S.

Animal and in vitro models of alcoholic pancreatitis: role of
cholecystokininPancreas, 27(4297-300, 2003.

Pilon, G.; Dallaire, P. & Marette, A. Inhibition of inducible nitric-oxide
synthase by activators of AMP-activated protein kinase: a new
mechanism of action of insulin-sensitizing drugs.Biol. Chem.,
279(20)20767-74, 2004.

Popa, C. C.; Badiu, D. C.; Rusu, O. C.; Grigorean, V. T.; Neagu, S. |. &

Strugaru, C. R. Mortality prognostic factors in acute pancreatitis.
Med. Life, 9(4)413-8, 2016.

Sandau, K.; Pfeilschifter, J. & Brline, B. Nitric oxide and superoxide induced
p53 and Bax accumulation during mesangial cell apoptkgisiey
Int., 52(2)378-86, 1997.

Uhl, W.; Buchler, M.; Malfertheiner, P.; Martini, M. & Beger, H. G. PMN-
elastase in comparison with CRP, antiproteases, and LDH as indicators
of necrosis in human acute pancreat®iancreas, 6(3253-9, 1991.

Venardos, K.; Zhang, W. Z.; Lang, C. & Kaye, D. M. Effect of peroxynitrite
on endothelial L-arginine transport and metabolish.J. Biochem.

Cell Biol., 41(12)2522-7, 2009.

Wang, G. J.; Gao, C. F.; Wei, D.; Wang, C. & Ding, S. Q. Acute pancreatitis:
etiology and common pathogenesis. World J. Gastroenterol.,
15(12):1427-30, 2009.

Wang, N.; Zhang, F.; Yang, L.; Zou, J.; Wang, H.; Liu, K.; Liu, M.; Zhang,

H.; Xiao, X. & Wang, K. Resveratrol protects against L-arginine-
induced acute necrotizing pancreatitis in mice by enhancing SIRT1-
mediated deacetylation of p53 and heat shock facttat.1J. Mol.
Med., 40(2)427-37, 2017.

Wang, Z.; Lai, S. T.; Xie, L.; Zhao, J. D.; Ma, N. Y.; Zhu, J.; Ren, Z. G. &
Jiang, G. L. Metformin is associated with reduced risk of pancreatic
cancer in patients with type 2 diabetes mellitus: a systematic review
and meta-analysi®iabetes Res. Clin. Pract., 106(19-26, 2014.

Yang, J.; Zhou, Y. & Shi, J. Cordycepin protects against acute pancreatitis
by modulating NF-kB and NLRP3 inflammasome activation via AMPK.
Life Sci., 251117645, 2020.

1685



